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 INTERIOR MONITORING AND SAMPLING 

Investigation of interior areas included general characterization surveys (including exposure rate, radon, 

and surface activity surveys) and collection and laboratory analysis of surface dust and bulk dust samples.  

The following describes interior monitoring and sampling: 

 Exposure Rate, Radon, and Surface Activity Characterization Surveys 

Initial interior walkthroughs of the residences occurred on December 27 and 28, 2016 with homeowners.  

The intent of the initial walkthrough was to identify living spaces, uses of these spaces, and frequency of 

occupation.  Following initial walkthroughs, exposure rate monitoring, radon monitoring, and surface 

activity characterization surveys proceeded as follows: 

Exposure Rate Measurements 

During the walkthrough, a Ludlum Model 44-10 NaI scintillation probe and ratemeter were used to 

measure exposure rate and to identify presence of gamma sources such as historical consumer products 

containing radioactive material (e.g., glassware, clocks and watches with radioluminescent painted dials) 

or building materials with natural radionuclide content (such as stone or brick building materials that may 

have higher natural radiation levels [U.S. Nuclear Regulatory Commission [NRC] 2011]).  These 

measurements were recorded in the logbook (see Appendix C).  During the surveys, some building 

materials (e.g., bathroom tile in House 1 and brick fireplace and granite countertops in House 2) induced 

marginally higher exposure rate readings (expected from some earthen building materials); however, 

overall exposure rate measurements were typical of background environments (e.g., see National Council 

on Radiation Protection and Measurements [NCRP] 1987, Table 5.4). 

Continuous exposure rate measurements were also taken by use of high pressure ionization chambers 

(HPIC) deployed by EPA at locations within each residence.  Continuous measurements from the HPICs 

are documented in Appendix F, and summarized in Tables 2 and 3 below. 
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EXHIBIT 2 

 

INDOOR AND OUTDOOR RADON MEASUREMENTS 

 

The radon measurements were also compared to the EPA-recommended action level of 4 pCi/L (see A 

Citizen’s Guide to Radon:  The guide to Protecting Yourself and Your Family from Radon [EPA 2016a]).  

Average radon measurements did not exceed the EPA-recommended action level of 4 pCi/L.  However, 

due to the short duration of the radon testing (about 5 hours in House 1 and 17 hours in House 2), and 

because no attempts were made to provide “closed-house conditions” during the testing, the results should 

not be used to assess whether action is warranted to reduce radon levels in the homes.  To assess for risks 

from radon in homes, EPA and the MDHSS recommend testing that begins with an initial short-term test 

lasting at least 2 days and with the house in a “closed-house” condition.  MDHSS recommends testing all 

homes for radon every 5 to 10 years, and Missouri property owners or residents may request a free 

residential radon test kit from MDHSS (http://health.mo.gov/living/environment/radon/). 

Surface Activity Measurements by Use of Hand-Held Detectors 

Measurements of surface activity from various building surface materials were taken by use of hand-held 

detectors to establish baseline activity levels.  Surface activity can include contributions from alpha/beta 

activity of naturally occurring radioactive materials incorporated into surface materials, deposition of 
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radon daughter products onto surfaces, and contributions from instrument background.  Because building 

materials differ in background activity levels, various surface types (drywall, tile, carpet, hardwood 

floors, granite countertops, etc.) were surveyed.  During this survey, Ludlum Model 43-90 zinc sulfide 

(ZnS) scintillation detectors (for alpha activity) and Ludlum Model 44-9 Geiger Muller detectors (for beta 

and gamma activities) were used to obtain 10 1-minute static measurements from each predominant 

surface type identified in the home.  By use of these measurements, benchmark gross alpha and 

beta/gamma activities from each surface were determined as the 75th percentile plus 1.5 times the IQR of 

the approximately 10 static measurements recorded from the surface (as specified in the QAPP).  After 

acquisition of baseline measurements and determination of benchmark values, scanning and static surveys 

by use of Ludlum Model 43-90 and 44-9 detectors proceeded over numerous surface locations to identify 

any discrete areas of elevated surface activity.  A static 1-minute count of alpha and beta/gamma activity 

was initiated if a scanning survey identified a suspect discrete elevated area of surface activity.  If the 

static measurement exceeded the corresponding benchmark value, a wipe sample was collected within 

that area.  Most scanning surveys did not identify discrete elevated areas of surface activity, and in those 

cases, wipe sampling locations were selected as described in Table 3 of the QAPP to investigate both 

high- and low-occupancy rooms, all entrances to the home, and the laundry room (see Section 4.2.2). 

Each of the 1-minute static counts and derivation of benchmark values are documented in the field sheets 

(see Appendix C) and in Table H-1 of Appendix H.  The 1-minute count alpha and beta/gamma activity 

measurements and the corresponding benchmark values are plotted on Exhibit 3 (House 1 measurements) 

and Exhibit 4 (House 2 measurements) for each interior surface type (more detailed descriptions of 

surface types are in Table H-1 of Appendix H).  These exhibits distinguish measurements taken during 

the initial surface characterization survey and used to establish benchmark values (the “baseline” 

measurements) from measurements prompted by scanning surveys and wipe sampling (the 

“investigation” measurements).  Each 1-minute static count “investigation” measurement was associated 

with a co-located wipe sample subsequently screened for alpha and beta activity by use of a Ludlum 

3030 drawer counter (see Section 4.2.2).  Alpha activity measurements of the wipe samples were then 

used, in part, to select wipe samples for laboratory analysis for specific radionuclides (see Section 4.2.2).  

As described in Section 6.2, no wipe sample yielded a radionuclide concentration exceeding an EPA 

BPRG for residential exposure scenario corresponding to a 1 in 10,000 (1E-4) cancer risk. 
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EXHIBIT 3 

 

1-MINUTE STATIC COUNTS OF INTERIOR SURFACES – HOUSE 1 
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EXHIBIT 4 

 

1-MINUTE STATIC COUNTS OF INTERIOR SURFACES – HOUSE 2 

 

 Interior Surface Dust Sampling 

Wipe samples were collected to assess presence of radionuclides in settled dust.  Surfaces sampled 

included floors, walls, and other accessible surfaces; floor surfaces near entrances; and floor and wall 

surfaces near clothes dryers.  The surface dust samples were collected onto 1.75-inch-diameter cotton 

twill coated wipes (or “smears”).  At each sample location, a paper template with a 200-square-centimeter 

(cm2) cutout (an approximately 14- by 14-inch square) was held over the sampling surface while a wipe 

was pressed against the sampling surface with moderate pressure and swept over the sampling surface in 

multiple “S” pattern passes.  A new sampling template was used for each wipe sample.  The collected 

wipe samples were placed in glassine envelopes or food-grade releasable plastic bags.  Table 5 lists the 

number of wipe samples collected within each type of area—high-occupancy, low-occupancy, and 

entrance areas. 

  












